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SECTION  I 
INTRODUCTION 

Six  specimens  were  tested  in  this  program.  Each  specimen  consisted 
of  a  large  aluminum  plate  containing  five  flaws  and  having  ten  crack  gages 
bonded  on.  Strain  gages  were  used  to  evaluate  stress  fields,  load  distri¬ 
bution  and  load  transferred  through  the  crack  gages.  Three  of  the  specimens 
were  tested  under  constant  amplitude  loading  and  three  were  tested  under 
variable  amplitude  (flight  spectrum)  loading.  Test  data  consisted  of  crack 
lengths  and  applied  cycles  or  flights.  Flaws  and  cracks  in  the  large  alumi¬ 
num  plates  will  be  hereinafter  referred  to  as  structure  flaws,  and  flaws 
and  cracks  in  the  crack  gages  will  be  addressed  as  gage  flaws. 

In  addition  to  the  six  primary  tests,  support  testing  to  evaluate  the 
influence  of  the  crack  gage  installation  on  the  basic  panel  stress  field 
and  to  determine  baseline  crack  propagation  da/dn  data  for  the  crack  gage 
material  was  conducted. 

This  volume  contains  detail  sketches  of  the  instrumentation  and  crack 
gages  used  on  each  specimen  as  well  as  raw  data  of  strain  and  crack  length 
measurements. 

Also  included  are  the  computer  tabulations  of  KU(lv  versus  da/dn  calcu- 

MAX 

lations. 

The  purpose  of  Volume  II  is  to  provide  a  complete  assemblage  of  test 
results  in  the  uncorrected  and  uninterpreted  form  to  allow  future  researchers 
to  conduct  their  own  analyses  and  interpretations  of  the  results.  By  putting 
the  details,  raw  test  data  and  data  processing  calculations  in  Volume  II, 
Volume  I  becomes  a  more  useful  technical  presentation  uncluttered  by  details. 
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SECTION  II 

STRESS  SURVEY  EVALUATION 

This  test  utilized  an  aluminum  plate  identical  in  geometry  to  the 
test  specimens.  The  purpose  of  this  test  was  to  verify  that  crack  gage 
placement  did  not  significantly  influence  the  stress  field  at  the  struc¬ 
ture  flaw  locations. 

The  test  procedure  consisted  of  the  following  items:  1.)  Instru¬ 
menting  the  test  panel  with  crack  gages  and  strain  gages.  Strain  gages 
were  placed  at  the  flaw  locations,  on  the  panel  cross  section  and  on  the 
crack  gages.  2.)  Measuring  strains  at  applied  load  Increments  to  75  KIPS 
tension  and  3.)  Removing  the  crack  gages  and  again  obtaining  strain 
measurement  to  75  KIPS.  Tabulated  results  of  those  measurements  are  pre¬ 
sented  in  Tables  1  and  2.  Comparison  of  the  "with"  and  "without"  crack 
gage  readings  showed  that  the  effect  of  the  crack  gages  on  the  structure 
flaw  stress  field  was  minimal. 

A  drawing  of  the  specimen,  complete  with  instrumentation  arrangement, 
is  presented  as  Figure  1.  A  photograph  of  the  test  panel  Installed  in  the 
200  KIP  MTS  test  machine  for  testing  is  presented  in  Figure  2. 
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SECTION  III 


INSTRUMENTATION  DETAILS 
AND  STRAIN  MEASUREMENTS 

Strain  gages  were  utilized  on  all  six  specimens  to  measure  speci¬ 
men  cross  section  stresses.  Specimens  AFCG-2,  AFC6-3,  and  AFCG-4  were 
extensively  instrumented  with  strain  gages  to  measure,  in  addition  to 
specimen  stresses,  loads  transferred  from  the  specimen  through  each  crack 
gage  type. 

The  strain  gages  were  read  at  the  start  of  testing  on  all  specimens 
and,  in  addition,  periodically  throughout  the  test  on  Specimens  AFCG-2, 

-3,  and  -4. 

The  instrumentation  details  of  strain  and  crack  gages  are  presented 
in  Figures  3  through  8  for  the  six  test  specimens  AFCG-1  through  AFCG-6. 

Photographs  of  each  specimen  presenting  verification  of  instrumen¬ 
tation  details  are  presented  in  Figures  9  through  32. 

Tabulated  measured  dimensions  of  crack  gages  and  structure  flaws 
are  presented  in  Tables  3  through  14. 

Strain  readings  with  the  corresponding  applied  load  values  are  pre¬ 
sented  in  Tables  15  through  50. 

Caution  should  be  exercised  in  utilizing  the  strain  readings  in  this 
volume.  They  are  uncorrected  raw  test  data.  At  longer  crack  lengths,  strain 
gages  close  to  the  crack  tip  show  stress  readings  greater  than  the  yield 
point  of  the  base  material.  It  should  be  understood  that  such  readings  are 
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Figure  3.  Instrumentation  Details  -  Specimen  AFCG-1 


Table  3.  Structure  Flaw  Details 
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TYPE 


|L^ 


THI?U  FLWM 
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AT  HOLE 


CENTER 


HOLE  DIA 

(IMOKS) 

INITIAL  FLAW 
SIZE  OMCHTU 
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.2(*G 

.007 
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.250, 

.040 

.215 

Table  4.  Crack  Gage  Details  -  AFCG- 


GAGE  10 
NUMBER 
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-4- 

1- 

-2 

II 

-  4 

II 

-5 

III 
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-1 
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Table  5.  Structure  Flaw  Details 
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Table  6.  Crack  Gage  Details 


GAGE  DESCRIPTION 


.w_ «  2.0*21)  SINGLE  EDGE 
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FLAM 
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.0*96  .*0(4.  2.0025  .0905  2.5000 


2.OOsd.0<MO  2.525 


2.0095.09(0  2.5*900 
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Figure  11.  Photograph  of  Specimen  AFCG-2  Side  1 
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Figure  14.  Photograph  of  Specimen  AFCG-2  Side  2 
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Figure  19.  Photograph  of  Specimen  AFCG-3  Side  1  Detail 
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Figure  22.  Photograph  of  Specimen  AFCG-3  Side  2  Detail 
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Figure  23.  Photograph  of  Specimen  AFCG-4  Side  1 


Figure  27.  Photograph  of  Specimen  AFCG-4  Side  2  Detail 


Figure  29.  Photograph  of  Specimen  AFCG-5  Side  1 

43 


AFCG  -6 

SlCife  z 


Figure  32.  Photograph  of  Specimen  AFCG-6  Side  2 


Table  16.  Strain  Gage  Results  at  Start  of  Test  -  Crack  Gages  on  AFCG-2 
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Table  16.  Strain  Gage  Results  at  Start  of  Test  -  Crack  Gages  on  AFCG-2  (Continued) 
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Results  at  26800  Cycles  -  Crack  Gages  on  AFCG-2 
BOLTED  IN 
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Table  20.  Strain  Gage  Results  at  32200  Cycles  -  Crack  Gages  on  AFCG-2  (Continued) 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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Table  21.  Strain  Gage  Results  at  37600  Cycles  -  Crack  Gages  on  AFCG-2 
HANGING  FREE  B.I.  BOLTED  IN 
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Table  22.  Strain  Gage  Results  at  55000  Cycles  -  Crack  Gages  on  AFCG-2  (Continued) 
I.F.  HANGING  FREE  B.I.  BOLTED  IN 
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Table  23.  Strain  Gage  Results  at  161200  Cycles  -  Crack  Gages  on  AFCG-2  (Continued) 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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6.  Strain  Gage  Results  for  Tension  Loading  at  Start  of  Test-AFCG-3  (Continued) 
HANGING  FREE  B.I.  BOLTED  IN 
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Table  27.  Strain  Gage  Results  for  Compression  Loading  at  Start  of  Test-AFCG-3 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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With  Buckling  Restrainers  Installed 


Table  29.  Strain  Gage  Results  for  Compression  Loading  at  410  Flights  -  AFCG-3  (Continued) 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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Table  30.  Strain  Gage  Results  for  Tension  Loading  at  565  Flights  -  AFCG- 3 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 


With  Buckling  Restrainers  Installed 
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With  Buckling  Restrainers  Installed 


Table  31.  Strain  Gage  Results  for  Compression  Loading  at  565  Flig 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 


With  Buckling  Restrainers  Installed 
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With  Buckling  Restrainers  Installed 


Table  32.  Strain  Gage  Results  for  Tension  Loading  at  721  Flights  -  AFCG-3  (Continued) 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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Table  34.  Strain  Gage  Results  for  Tension  Loading  at  1000  Flights-AFCG-3 

H.F.  HANGING  FREE  B.I.  BOLTED  IN 

TEST  CONDITION:  — 1QQQ  FLIGHTS- COMPLETE _ _ 

MEASURED  STRESS  (KSI)  AT  APPLIED  AXIAL  LOAD  (KIPS) 
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Table  34.  Strain  Gage  Results  for  Tension  Loading  at  1000  Flights  -  AFCG-3  (Continued) 
H.F.  HANGING  FREE  B.I.  BOLTED  IN 
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Table  38.  Strain  Gage  Results  for  Tension  Loading  at  2520  Flights-AFCG-3 
HANGING  FREE  B.I.  BOLTED  IN 
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TEST  CONDITION:  2520  FLIGHTS  COMPLETE 

MEASURED  STRESS  (KSI)  AT  APPLIED  AXIAL  LOAD  (KIPS) 
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Table  38.  Strain  Gage  Results  for  Tension  Loading  at  2520  Flights  -  AFCG-3  (Continued) 
H.F.  HANGING  FREE  S.I.  BOLTED  IN 
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TEST  CONDITION:  2520  FLIGHTS  COMPLETE 

MEASURED  STRESS  (KSI)  AT  APPLIED  AXIAL  LOAD  (KIPS) 
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Table  39.  Strain  Gage  Results  for  Compression  Loading  at  2520  FI ights-AFCG-3 

H.F.  HANGING  FREE  B.I.  BOLTED  IN 

TEST  CONDITION:  — 252Q  FLIGHTS  COMPLETE _ _ 

MEASURED  STRESS  (KSI)  AT  APPLIED  AXIAL  LOAD  (KIPS) 
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Table  39.  Strain  Gage  Results  for  Compression  Loading  at  2520  Flights  -  AFCG-3  (Continued) 
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With  Buckling  Restrainers  Installed 


Table  40.  Strain  Gage  Results  for  Tension  Loading  at  3640  Flights  -  AFCG-3  (Continued) 
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Table  41.  Strain  Gage  Results  for  Compression  Loading  at  3640  Flights  -  AFCG-3  (Continued) 
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With  Buckling  Restrainers  Installed 


Table  42.  Strain  Gage  Results  at  Start  of  Test  -  AFCG-4  (Continued) 
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Table  45.  Strain  Gage  Results  at  631  Flights  -  AFCG-4 
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With  Buckling  Restrainers  Installed 
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SECTION  IV 

CRACK  PROPAGATION  DATA 


This  section  contains  tabulated  results  of  crack  length  versus 
cycles  for  each  specimen  tested.  The  data  is  reported  herein  exactly 
as  recorded.  Reading  errors  which  are  inevitable,  particularly  with 
small  flaws  such  as  the  corner  flaws  of  holes  1  and  2,  have  not  been 
corrected.  The  proper  use  of  this  data  would  be  to  utilize  the  best 
fit  curve  through  an  expanded  plot.  This  is  the  procedure  utilized  in 
the  analysis  of  this  report  presented  in  Volume  I. 

The  crack  propagation  results  are  presented  in  Tables  51  through 
62.  Plots  of  the  test  data  are  presented  in  Figures  33  through  44. 


Table  51.  Crack  Propagation  Data  From  Side  1  -  AFCG-1  (Continued) 
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Table  51.  Crack  Propagation  Data  From  Side  1  -  AFCG-1  (Concluded) 


Table  52.  Crack  Propagation  Data  From  Side  2  -  AFCG-1  (Continued) 
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Table  53.  Crack  Propagation  Data  From  Side  1  -  AFC6-2 


Table  53.  Crack  Propagation  Data  From  Side  1  -  AFCG-2  (Continued) 


Table  53.  Crack  Propagation  Data  From  Side  1  -  AFCG-2  (Concluded) 


Table  54.  Crack  Propagation  Data  From  Side  2  -  AFCG-2 


Table  54.  Crack  Propagation  Data  From  Side  2  -  AFCG-2  (Continued) 


Table  54.  Crack  Propagation  Data  From  Side  2  -  AFCG-2  (Concluded) 


Table  55.  Crack  Propagation  Data  From  Side  1  - 


RACK  PROPAGATION  DATA 


FLAW  LENGTH  (INCHES)  AT  FLAW  LOCATIONS  1  THRU  10 


Table  55.  Crack  Propagation  Data  From  Side  1  -  AFCG-3  (Continued) 
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Table  56.  Crack  Propagation  Data  From  Side  2 
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Table  57.  Crack  Propagation  Data  From  Side  1  -  AFCG-4  (Continued) 


Table  58.  Crack  Propagation  Data  From  Side  2  -  AFCG-4 


_ CRACK  PROPAGATION  DATA _ 

FLAW  LENGTH  (INCHES)  AT  FLAW  LOCATIONS  1  THRU  10 


Side  2  -  AFCG-4  (Continued) 


Table  59.  Crack  Propagation  Data  From  Side  1  -  AFCG-5 
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Table  59.  Crack  Propagation  Data  From  Side  1  -  AFCG-5  (Continued) 


RACK  PROPAGATION  DATA 
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Table  59.  Crack  Propagation  Data  From  Side  1  -  AFCG-5  (Continued) 
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Table  59.  Crack  Propagation  Data  From  Side  1  -  AFCG-5  (Concluded) 
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Table  60.  Crack  Propagation  Data  From  Side  2  -  AFCG-5  (Continued) 


_  CRACK  PROPAGATION  DATA 


FLAW  LENGTH  (INCHES)  AT  FLAW  LOCATIONS  1  THRU  9 
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Table  61.  Crack  Propagation  Data  From  Side  1  -  AFCG-6 


Table  61.  Crack  Propagation  Data  From  Side  1  -  AFCG-6  (Continued) 


Table  61.  Crack  Propagation  Data  From  Side  1  -  AFCG-6  (Continued) 


CRACK  PROPAGATION  DATA 
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61.  Crack  Propagation  Data  From  Side  1  -  AFCG-6  (Concluded) 
CRACK  PROPAGATION  DATA 

FLAW  LENGTH  (INCHES)  AT  FLAW  LOCATIONS  1  THRU  10 


Table  62.  Crack  Propagation  Data  From  Side  2  -  AFCG-6 
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Table  62.  Crack  Propagation  Data  From  Side  2  -  AFCG-6  (Continued) 
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Table  62.  Crack  Propagation  Data  From  Side  2  -  AFCG-6  (Continued) 
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Figure  35.  Crack  Propagation  Plot  of  Crack  Length  Vs  Cycles  -  AFCG-2  Side 


36.  Crack  Propagation  Plot  of  Crack  Length  Vs  Cycles  -  AFC6- 


HUNDREDS  OF  FLIGHTS 

Propagation  Plot  of  Crack  Length  Vs  Flights-  AFCG-3  Side 


Figure  39.  Crack  Propagation  Plot  of  Crack  Length  Vs  Flights  -  AFCG-4  Side 


Figure  41.  Crack  Propagation  Plot  of  Crack  Length  Vs  Cycles  -  AFCG-5  Side 


(  uiD)  H19N31  »OVbO 
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Crack 


Figure  44.  Crack  Propagation  Plot  of  Crack  Length  Vs  Flights  -  AFCG-6  Side 


SECTION  V 

Kmax  VS  da/dn  CALCULATIONS  AND  PLOTS 

Printout  from  the  computer  programs  which  calculated  and  plotted 
KMAX  VS  da>/dn  relationships  are  presented  in  this  section. 

Results  of  K^x  vs  da/dn  calculations  for  each  specimen  flaw  are 
presented  in  Tables  63  through  89  for  Specimens  AFCG-1  through  AFCG-6, 
respectively. 

Log-log  plots  of  Kwx  vs  da/dn  for  the  structure  flaws  of  the  six 
test  specimens  are  presented  in  Figures  45  through  71. 


REFERENCES: 

Newman,  J.C.,  Jr.;  Predicting  Failure  of  Specimens  with  Either  Surface 
Cracks  or  Corner  Cracks  at  Holes.  NASA  TN  D-8244.  1976. 

Boeing  Document  D180-22966-1;  Stress  Intensity  Factors  for  Through  and 
Part  Through  Cracks  at  Neat  Filled  Holes.  Feb.  1978. 

AFFDL-TR-74-47,  Volume  1;  Fracture  and  Fatigue  Crack  Growth  Behavior 
of  Surface  Flaws  and  Flaws  Originating  at  Fastener  Holes.  Figure  92. 
May  1974. 
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SECTION  VI 

CRACK  GAGE  MATERIAL  da/dn  TESTS 


Six  small  coupon  crack  propagation  tests  were  conducted  to  deter¬ 
mine  basic  Kmax  vs  da/dn  properties  of  the  crack  gage  material  in  the 
(.02  inch)  thickness.  These  tests  were  conducted  in  load  control.  Fig¬ 
ure  72  describes  the  small  coupon  details.  Recorded  test  data  of  crack 
length  and  cycles  is  presented  in  Tables  90  through  95.  A  plot  of  crack 
length  vs  cycles  is  presented  in  Figure  72. 


Calculation  of  vs  da/dn  is  presented  in  Tables  96  through  101 
Log-log  plots  of  K^x  vs  da/dn  are  presented  in  Figures  73  through  79. 


Table  91.  Crack  Propagation  Data  -  Specimen  DADN-2 


Table  92.  Crack  Propagation  Data  -  Specimen  DADN-3 


Table  94.  Crack  Propagation  Data  -  Specimen  DADN-5 


Table  95.  Crack  Propagation  Data  -  Specimen  DADN-6 
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Figure  74.  d2c/dn  plot  _  Specimen  DADN_2 
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